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Introduction
The euro zone sovereign debt crisis following the recent financial turmoil has raised again the question of the sustainability of EMU and whether in its current form it can be considered an optimal currency area (OCA). In fact a number of recent studies (Chen et al., 2012; Schmitz and von Hagen, 2009; Sinn et al., 2011) concluded that during its first decade imbalances between member states and differences in business cycle patterns in the core and in the periphery increased.
As is well known, OCA theories (Mundell, 1961; McKinnon, 1963; Kenen, 1969) argue that the degree of synchronisation of national business cycles is an indicator of the cost of adopting a common currency and relinquishing monetary policy independence: the more synchronised they are, the more effective a common monetary policy is. Therefore, from a financial stability perspective, output synchronisation has crucial implications in the context of EMU, reducing the likelihood of asymmetric responses to shocks and thus increasing the effectiveness of "one fits all" ECB policies.
OCAs theories, however, do not provide formal criteria to evaluate whether the timing of the various steps necessary to create a currency area can be considered optimal, neither do they specify unique measures of the potential gains and losses.
Individual OCA properties (e.g. labour and capital markets integration, price flexibility) as well as meta-properties aggregating several criteria have been considered. In the case of EMU, the positive impact of trade flows on output synchronisation predicted by Frankel and Rose (1998) has been analysed mainly in its very early stages (see the survey by Barbosa and Alves, 2011) -surprisingly, despite their availability, longer runs of data have not been used to test for long-run effects. lower degree of business cycle co-movement depending on whether or not demand-and supply-side effects dominate over increased specialisation of production (Baxter and Kouparitsas, 2005; Imbs, 2006) . In particular, the "specialisation" paradigm postulates that as countries become more integrated, their industrial structure develops according to their comparative advantages (Bayoumi and Eichengreen, 1996) , and thus the economy of each member country of an OCA becomes more vulnerable to supply shocks. By contrast, according to the endogenous view of OCAs the positive link between income correlation and trade integration is magnified for countries joining a currency union, and therefore the conditions for an OCA might be satisfied ex-post even if they were not met ex-ante. This paper, using annual bilateral data over the period 1988-2011 for a panel of 24 industrialised and emerging economies, contributes to the existing literature in three ways. First, unlike the existing studies covering a short time period after the launch of EMU, it analyses how the integration process affected output synchronisation over more than a decade. Such a time span is indeed necessary to capture the long-term developments induced by a monetary union, such as trade integration (De Santis and Vicarelli, 2007) . Second, it adopts a time-varying framework to analyse the determinants of output synchronisation as previously done only in a few relevant studies (Kalemli-Ozcan et al., 2009; Imbs, 2010; Caporale and Girardi, 2012) . Third, it distinguishes between core and peripheral economies and is therefore able to contribute to the debate on the "endogeneity" properties of EMU.
We show that the introduction of the euro has been associated with a decreasing role for trade intensity as a factor for output synchronisation within EMU. Furthermore, diverging patterns have emerged for the core and the periphery respectively which could represent severe obstacles to the well-functioning of EMU and raise questions about its future stability. The fact that more intense intra-EMU trade flows did not lead to greater convergence in economic developments across the euro area suggests that a higher degree of economic policy coordination between the euro area members is needed. This paper is organised as follows. In Section 2 the empirical strategy is outlined. Sections 3 describe the dataset. Section 4 discusses the results of the timevarying analysis of the relationship between trade intensity and output synchronisation, as well as the evidence based on a number of alternative specifications. Section 5 offers some concluding remarks.
The empirical strategy
Since the study of Frankel and Rose (1998) a large body of empirical research (Clark and van Wincoop 2001; Calderon et al. 2007 ; among others) has shown that bilateral trade flows ( ) can affect output synchronisation ( ) across countries and/or regions.
Following this literature, a canonical regression model can be specified as
The positive effect of bilateral trade flows on the degree of international business cycle synchronisation has been widely confirmed in the most recent literature even when controlling for other possible determinants, such as capital flows or industry specialisation (Imbs, 2004 , 2010 , Baxter and Kouparitsas 2005 , Böwer and Guillemineau, 2006 , Inklaar et al., 2008 .
However, standard international business cycle models have difficulty in matching the Frankel and Rose (1998) empirical results, leading to a "tradecomovement puzzle" (Kose and Yi 2006) . According to standard theory, trade intensity has an ambiguous effect on the co-movement of output. Openness to trade will lead to increased specialisation in production and inter-industry patterns of international trade.
If business cycles are dominated by industry-specific shocks, trade-induced specialisation leads to decreasing business cycle correlations. However, if trade is dominated by intra-industry trade industry-specific shocks may lead to more symmetric business cycles. Consequently, the positive link between trade and business cycle synchronisation is often seen as an indication that intra-industry dominates interindustry trade as a spillover channel for shocks. 1
When testing condition (1) empirically, output synchronisation is typically measured by filtering variables measuring the level of activity (i.e. real output or industrial production indices) over a selected window, ranging from a few years (Mathy and Meissner, 2011) to several decades (Frenkel and Rose, 1998) . Here instead we follow Giannone et al. (2009) and measure the degree of synchronisation as the negative of divergence in growth rates, defined as the absolute value of GDP ( ) differences between country and in a given year :
This index is not subject to the criticism of various filtering methods and makes it possible to assess the degree of output synchronisation on a year-by-year basis rather than as an average of multi-year windows.
Concerning trade intensity, we follow Frankel and Rose (1998) and employ total trade between two countries scaled by total GDP or total trade. Accordingly, we compute (a time-varying version of) bilateral trade intensities as
where is a time index, ( ) denotes total merchandise exports from the -th (reporting) EMU economy to its j-th trading partner (namely the rest of EMU countries as well as other relevant economies taken as a control group), ( ) represents total imports of theth EMU country from its -th trading partner, and ( ) and ( ) are the nominal GDP levels in the two economies.
While the qualitative conclusions concerning the impact of trade on income correlation are generally not dependent on the exact measure chosen (i.e. Calderon et al., 2007; Inklaar et al., 2008) , the main problem in correctly estimating it is that trade intensity is endogenous. This makes simple ordinary least squares (OLS) regressions of bilateral economic activity correlation on trade intensity inappropriate. Frankel and Rose (1998) In contrast to the empirical literature started by Frenkel and Rose (1998) estimating condition (1) over a span of several years, we run for each country pairs a sequence of cross-sectional regressions based on the following fixed effects model:
for = 1, … , , where collects the fixed country effects. Condition (4) sheds light on whether and how the relationship between trade intensity and output synchronisation might have changed over time, and therefore on the real effects of monetary integration.
In order to analyse them in greater depth, we also run several regression with interaction (Panel B and C, respectively) emerge, notably a relative increase in output synchronisation for the core countries with respect to the rest of the euro area and to the other core countries, except for the year 1991, which marks German reunification. In the peripheral countries, output synchronisation decreases in relative terms with respect to both the euro area and the other peripheral countries.
Data and descriptive statistics
[ 
Estimation results
The stylised facts discussed above corroborate the view of the lack of an "euro" effect reducing asymmetries in business cycle developments within EMU (Enders et al., 2010; Canova et al., 2009; Del Negro and Otrok, 2008; Giannone et al., 2009) . Interestingly, our evidence indicates that, despite the increase in trade intensity after the launch of the euro, diverging patterns in real activity and heterogenous behaviour in trade flows can be detected. This finding supports the specialisation paradigm of Krugman (1993) rather than the endogeneity hypothesis of Frankel and Rose (1998). 3 In order to gain a deeper understanding of the output-trade linkage, we estimate models (4) and (5) as a sequence of fixed effect cross-sectional regressions for each year from 1988 to 2011. To address the endogeneity issue of trade intensity we use as external instruments, following the traditional gravity approach, the (log of) distance and its squared term, the presence of a common border and common languages, the (log of) the size of the partner country and a dummy for tariffs proxied by the membership to WTO (source: CEPII and WTO). 4 Moreover, as the residual may suffer from possible heteroscedasticity owing to measurement errors specific to a given country , we follow Imbs (2010) the impact of trade intensity on output synchronisation are likely to be influenced by shocks hitting the system in a specific year. In order to provide an overview of the results, we analyse the time series averages of the yearly slopes, along with their standard errors corrected for serial correlation as suggested by Petersen (2009). 5 According to the results in Table 2 can be interpreted as semi-elasticities. For instance, the coefficient of about 0.65 for the full sample implies that an increase in bilateral trade intensity of one percent (roughly the value of its sample standard deviation as reported in Table 1 ) leads to an average increase in output synchronisation of 0.7. Given the (absolute) median value of output synchonisation of 1.7 (see Table 1 ), these are significant effects in economic terms as well.
[ Table 2 ]
Rolling averages
The aggregate picture, however, could hide some dynamic heterogeneity in the tradeoutput relationship. With this in mind, we analyse the behaviour of the coefficient over time, through rolling averages (over a 5-year window) of the estimated coefficients in 5 More formally, let ( ) be a time series of the estimated slope, with = 1, … , . Its average value is given by 1 ∑
( ) =1
, whilst its corrected standard error is given by Tables A.1-A.6. Considering the whole period (Figure 3) , it can be seen that the rolling estimates of 1 in model (4) lie in the interval between 0.5 and 1.1. Interestingly, before 1999 there was a decreasing trend in this coefficient, followed by stability.
[ Figure 3 ]
To shed further light on these findings we extend the baseline model (4) [ Figure 4 ]
To obtain more disaggregate results we re-run model (5) distinguishing between EMU core and peripheral countries. Panel A and B of Figure 5 report the estimates of 1 and 2 for the case of = 2 (dashed lines) and = 3 (dotted lines), respectively. The estimates of the former are very similar for both sub-groups, suggesting that trade shocks originating outside EMU produce similar responses in both. By contrast, the coefficient 1 appears to be fairly stable in the core countries but very unstable in the peripheral ones, where it is increasing before the introduction of the euro and decreasing afterwards. Therefore, the declining trend in the semi-elasticities for EMU country pairs of Figure 4 can be ascribed almost entirely to the peripheral EMU countries.
[ Figure 5 ] Similar evidence is provided by Figure 6 , where the 1 and 2 coefficients for EMU core and periphery country pairs, that is model (5) with = 4 (dashed lines) and
= 5 (dotted lines) respectively, are presented. These findings suggest the existence in the euro period of both output synchronisation (see, for instance, Lehwald, 2012 ) and more structural differences. More specifically, it seems that trade intensity has led to higher business cycle correlation only among the core countries, but not in the case of the periphery. Structural factors (such as inter-versus intra-industry trade) not included in our empirical framework could account for this phenomenon. However, on the whole it is clear that, after more than a decade from the launch of the EMU, trade flows within the area are having a decreasing effect on the business cycle correlation between member states, i.e. the endogeneity mechanism has not been very effective. This is consistent with the evidence based on pre-euro data (Haug et al., 2000; von Hagen and Neumann, 1994) , and favours the specialisation theory of Krugman (1993) rather than the endogeneity hypothesis of Frankel and Rose (1998) .
[ Figure 6 ]
Robustness
To assess the robustness of the finding of a declining effect of trade intensity on output synchronisation in the euro period, we also consider three alternative specifications to models (4) and (5). 6 First we estimate regressions where the indicator of output synchronisation is based on industrial production instead of GDP growth rates. As pointed out by Imbs (2010) 
Conclusions
The recent financial crisis has raised some doubts about the euro zone being an OCA.
This paper analyses how trade integration has affected output synchronisation since the introduction of the euro using bilateral annual data over the period 1988-2011 for a panel of 24 industrialised and emerging economies. This is a crucial issue for the effectiveness of a single monetary policy and financial stability.
Our findings show that the relationships between trade intensity and output synchronisation is positive and statistically significant (with a few exceptions).
Moreover, the evidence of a declining effect over time, and in the euro years in particular, supports the specialisation model of Krugman (1993) in preference to the endogeneity hypothesis of Frankel and Rose (1998) . Further, the increasing divergence between the core and the periphery raises questions about the future stability of EMU. It appears that more intense intra-EMU trade flows do not guarantee greater convergence in economic developments across the euro area. From a policy perspective, this calls for a higher degree of coordination between the euro area members.
Further interesting issues to be addressed are whether a smaller set of countries would qualify as an OCA and whether structural factors (such as inter-versus intraindustry trade) would explain better the endogeneity properties of the EMU. These questions are beyond the scope of the present paper and will be the subject of future research. Output synchronisation is given by condition (2) in the main text and is measured as the negative of divergence in growth rates, defined as the absolute value of GDP differences between country and in a given year . Trade intensity is given by condition (3) in the main text and is measured as the ratio of the sum of exports to and the -th EMU country and its -th trading partner, scaled by the sum of their nominal GDP levels. Sub-samples are defined in Section 2 of the main text. 
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Figure 3 -Rolling estimates: EMU countries vs all partners
Rolling moving averages of the estimated parameter 1 of condition (4) in the main text (5 years averages).
Figure 4 -Rolling estimates: EMU pairs vs non-EMU partners
Rolling moving averages (5 years) of the estimated parameter of condition (5) in the main text for = 1.
Panel A. reports the coefficients 1 (solid line) and 2 (dashed line). Fixed effects IV estimation results of model (5) with = 2 and distance (and its squared term), common border, common languages, the (log of) the size of the partner country and membership to WTO as external instruments. Coefficients in bold and italics indicate statistical significance at the 5 and 10 percent nominal level (or better), respectively. Robust standard errors obtained via clustering of the residual along the reporting country dimension in parentheses. p-value associated to the Hansen-J statistics for the null of no correlation between instruments and the disturbance process (jp) in square brackets. 
